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Conversion factors, vertical datum, and abbreviated water-quality units

Multiply By To obtain
inch (in.) 254 millimeter

inches per second (in./s) 2.54 centimeters per second
inches per year (in.yr) 2.54 centimeters per year
foot (ft) .3048 meter

mile (mi) 1.609 kilometer

foot per day (ft/d) .3048 meters per day

cubic foot per second (f%/s) 28.32 liter per second

gallon (gal) .003785 cubic meter

gallon per day (gal/d) .003785 cubic meter per day
gallon per minute (gal/min) .06309 liter per second

gallon per minute per foot (gal/min/ft) .00222 cubic meters per second per foot
million gallons per day (Mgal/d) .04381 cubic meter per second
square mile (mi?) 2.590 square kilometer

Chemical concentration are given in metric units. Chemical concentrations in water are given in milligrams per liter

(mg/L) or micrograms per liter (ug/L). Milligrams per liter is a unit expressing the concentration of chemical

constituents in solutions as mass (milligrams) of solute per unit volume (liter) of water. One thousand micrograms per
liter is equivalent to one milligram per liter. For concentrations less than 7,000 mg/L, the numerical value is the same

as for concentrations in parts per million

Sea level In this report “sea level” refers to the National Geodetic Vertical Datum of 1929—a geodetic datum derived
from a general adjustment of the first-order level nets of both the United States and Canada, formerly called “Sea Level

Datum of 1929,

Use of firm names in this report is for identification purposes only and does not constitute endorsement by the U.S.
Geological Survey
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Table 4—Trace elements and organic compounds analyzed in ground water from

three wells in the Mille Lacs Lake study area.
(ng/L, micrograms per liter)

Chemical name Detection Chemical name Detection Chemical name Detection
limit limit limit
(ng/L) (ng/L) (ng/L)
Trace Metals
aluminum <10 chromium <1 copper <1
lead <1 zinc <1
USEPA priority pollutants
phenol (c6h-50) <50 naphthalene, 2-chloro- <50 4.6-dinitroorthocresol <30.0
phenol, 2-chloro <50 methane, bis (2-chloroethoxy) <50 para-chloro-meta cresol <300
phenol, 2-nitro <50 ethane, hexachloro- <50 fluoranthene <50
phenol, 4-nitro < 30.0 ether, bis 2-chloroethyl <50 benzo b fluoranthene < 10.0
phenol, 2,4-dichloro <5.0 ether, bis (2-chloroisopropyl) <50 benzo k fluoranthene < 10.0
phenol, 2,4-dimethyl <5.0 ether, 4-bromophenylphenyl <50 fluorene <5.0
phenol, 2,4-dinitro <20.0 ether, 4-chlorophenylphenyl <50 acenaphthene <5.0
phenol, 2,4,6-trichloro <20.0 benzene, nitro <50 acenapthylene <50
phenol, pentachloro- <30.0 benzene, o-chloro- <5.0 chrysene < 10.0
phthalate, dimethyl <50 benzene, 1,3-dichloro- <5.0 pyrene <5.0
phthalate, diethyl <5.0 benzene, 1,4-dichloro- <5.0 benzo a pyrene <10.0
phthalate, dinoctyl <10.0 benzene, 1,2 4-trichloro- <5.0 indeno (1,2,3-cd) pyrene < 10.0
phthalate, dinbutyl - <50 benzene, hexachloro <50 phenanthrene <50
phthalate, bis (2-etylhexyl) <5.0 toluene, 2,4-dinitro <5.0 isophorone <5.0
phthalate, n-butylbenzyl <5.0 toluene, 2,6-dinitro <5.0 hexachlorobutadiene <50
n-nitrosodimethylamine <50 benzidine < 40.0 3,3'-dichlorobenzidine <20.0
n-nitrosodiphenylamine <50 anthracene <50 1,2-diphenylhydrazine <50
n-nitrosodi-n-propylamine  <5.0 1,2,5,6-dibenzanthracene <10.0 hexachlorocyclopentadiene <50
naphthalene <50 benzo a anthracene, 1,2-benzan- <10.0 benzo ghi perylene, 1,1,2-ben- < 10.0
thracene zoperylene
Organochlorine compounds
o benzene hexachloride <0.03 aldrin <0.04 endosulfan <0.04
B benzene hexachloride <0.03 dieldrin <0.02 toxaphene <2
8 benzene hexachloride <0.09 p,p' DDT <0.10 aroclor 1221 PCB <1.0
chlordane <0.10 p, p' DDD <0.10 aroclor 1232 PCB <0.1
chlordane, trans- <0.10 p,p' DDE <0.04 aroclor 1016 PCB <0.1
chlordane, cis- <0.10 endrin < 0.060 aroclor 1242 PCB <0.1
lindane <0.03 endrin aldehyde <0.20 aroclor 1248 PCB <01
heptachlor <0.03 endosulfan I <0.10 aroclor 1254 PCB <0.1
heptachlor epoxide <0.80 endosulfan sulfate <0.60
Pesticides and metabolites
atrazine <0.05 propazine <0.05 metolachlor <0.05
atrazine, deethyl- < 0.05 simazine < 0.05 metribuzin, (sencor) <0.05
atrazine, deisopropyl- <0.05 alachlor <0.05 prometon <0.05
cyanazine <0.20 ametryn <0.05 prometryn <0.05
Volatile organic compounds
benzene <02 methylchloride <02 propane, dibromochloro- <10
benzene, chloro- <0.20 methylbromide <0.2 propene, 1,1-dichloro- <0.2
benzene, bromo- <02 methylenechloride <02 propane, 1,2-dichloro- <02
benzene, 1,2,3-trichloro- <0.20 methane, dibromo- <02 propane, 1,3-dichloro- <02
benzene, isopropyl- <0.20 methane, chlorodibromo- <02 propane, 2,2-dichloro- <0.2
benzene, n-propyl- <0.20 methane, dichlorobromo- <0.2 propane, 1,2,3-trichloro- <0.2
benzene, n-butyl- <0.20 methane, dichlorodifluoro - <02 ethene, 1,1-dichloro- <02
benzene, sec-butyl- <0.20 methane, trichlorofluoro- <02 ethene, cis-1,2-dichloro- <02
benzene, tert-butyl- <0.20 chloroform <0.2 ethene, trans-1,2-dichloro- <0.2
benzene, ethyl <02 bromoform <02 ethene, trichloro- <02
xylene <0.20 carbontetrachloride <02 ethene, tetrachloro- <02
toluene <0.2 ethane, chloro <0.2 propene, cis-1,3-dichloro- <02
toluene, o-chloro- <0.2 ethane, 1,1-dichloro- <02 propene, trans-1,3-dichloro- <02
toluene, p-chloro- <0.20 ethane,1,2-dibromo- <0.2 ether, 2-chloroethylvinyl- <1.0
toluene, p-isopropyl- <0.20 ethane, 1,2-dichloro- <02 ether, methyl tert-butyl- <10
styrene <0.2 ethane, 1,1,1-trichloro- <02 vinylchloride <02
pseudocumene <0.20 ethane,1,1,2-trichloro- <0.2 acrylonitrile <20
mesitylene <020 ethane, 1,1,2,2-tetrachloro- <02 acrolein <20
methane, bromochloro- <0.20 ethane, 1,1,1,2-tetrachloro- <0.2 freon 113 <0.5
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The thickness of the confining unit (fig. 4) ranges from
10 feet to 208 feet (west of Opstead). The confining unit
provides protection to the aquifer because the vertical
hydraulic conductivity is low (9.92 x 10" ft/d to 1.67 x
10" ft/d in cores tested, table 7) and slows the movement of
contaminants. The Geologic Sensitivity Project Workgroup
(1991) guidelines estimate that water will take about 20
years to infiltrate through a 10-foot thick clay layer. Buried
aquifers overlain by a confining unit from 10to 50 feet thick,
corresponding to areas with infiltration travel times from 20
to 100 years, are classified as low-susceptibility aquifers
(Geologic Sensitivity Project Workgroup, 1991). Lateral
movement of contaminants, poor well construction, or a
hydraulic conductivity of the confining unit greater than
normal, however, can still permit contamination of buried
aquifers classified as low or very low susceptibility.

The tritium concentration of ground water can be used
to test the contamination-susceptibility ratings discussed
above. Tritium s a naturally occurring radioactive isotope of
hydrogen produced at low but constant concentrations in the
upper atmosphere by cosmic rays. When humans began to
detonate nuclear weapons in the atmosphere, tritium
concentrations increased many orders of magnitude. The
maximum concentration occurred in 1963 when nuclear
weapons testing moved underground and the tritium
concentrations began to decrease through radioactive decay.
Atmospheric water that eventually infiltrates to the ground

water contains the atmospheric concentration of tritium.
Ground water containing little or no tritium (less than 1
tritium unit) infiltrated before the start of atmospheric
nuclear weapons tests in the early 1950’s and are termed
vintage waters (Walsh, 1992, p. 24-26). Water with
substantial concentrations of tritium became ground water
after the early 1950’s and are termed recent waters. Ground
water from aquifers beneath confining units 20 feet thick or
more (infiltration times more than 50 years) would likely be
vintage water, whereas, water in aquifers beneath thinner
confining units may be recent water.

The Minnesota Department of Health collected and
analyzed 7 ground-water samples on November 13, 1991,
from wells located the southern shore of Mille Lacs Lake,
for tritium and 12 inorganic chemicals. Six samples were
from buried aquifers and one sample (Minnesota unique no.
227363) was from a bedrock aquifer. Walsh (1992, p. 61)
reported that recent waters were dominant in this group,
despite a low to very low conatmination-suseptibility rating
of these aquifers. Within two miles of well yielding vintage
water were wells yielding ground water of recent age (table
5). Recent water in aquifers underlying thick confining units
may have originated from an aquifer where the confining
unit was thin or absent. In areas where confining-unit
Macropores, cracks and small lenses of coarse-grained
sediments contained within confining units, may increase
the potential for contamination.

Table 5—Confining unit thickness, well depth, and tritium concentration of ground

water from the south side of Mille Lacs Lake, 1991.
[mi, mile; data from Minnesota Department of Health]

Confining unit ~ Well Tritium
Minnesota unique thickness depth concentration
number Location [feet] [feet] [tritium units]
141388 1/2 mi N. of Vineland 85 90 <1
229055 1 mi N. of Vineland 50 97 32
227363 1/2 mi W. of Isle 125 168 <1
111761 1/2 mi N. of Isle 33 113 18
214762 Isle at highways 47 & 27 99 114 49
232345 Onamia 60 101 31
238726 South end of Ogechie Lake — 67 47
Summary delineated. Surficial aquifers generally are less than 30 ft

The Mille Lacs Lake study area is a 960-mi? area
containing the ground-water and surface-water drainages of
both Mille Lacs Lake and the first 12 miles of the Rum
River. Within this area, available ground water occurs in
saturated, overlapping, discontinuous, partially-connected,
glacial aquifers and in bedrock aquifers. Data from project
and private well logs suggest that glacial aquifers are small,
Iocal and isolated. No extensive glacial aquifer could be
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thick, but can exceed 78 ft. The surficial aquifers north and
south of Lake Onamia are in hydraulic connection with the
lake, with an adjacent head 1.56 ft higher than the lake in
winter 1993. A confining unit composed mostly of till
protects underlying buried aquifers from contamination by
land uses. This confining unit is at least 10 ft thick by
definition but is at least 40 ft thick at 61% of wells with
geologic logs. Confining unit texture averaged 16% gravel,
43% sand, 32% silt, and 9% clay in samples from project test



holes with hydraulic conductivities ranging from 9.92 x 10
410 1.67 x 10! ft/day in tests on repacked core material.

Glacial aquifers buried beneath till form the uppermost
confined (hereinafter, buried) aquifers and generally are
from 3 to 15 feet thick, but may be as much as 118 feet thick.
These buried aquifers occur beneath 10 to 60 feet of till and
clay, but the till and clay may be as thick as 208 feet.
Individual aquifers can be partially buried by till and
therefore may contain surficial and buried areas. Most
buried aquifers are isolated or only partially connected to
other aquifers. Recharge water moves horizontally and
vertically through other aquifers and through confining
units to reach these buried aquifers. Discharge from buried
aquifers is through well withdrawals, flow to surface-water
bodies, and leakage to other aquifers. Buried aquifers may
yield as much as 500 gallons per minute in some locations.
In most areas, the specific capacity of these aquifers is less
than 1 gallon per minute per foot but may be as muchas 41.6
gallons per minute per foot.

Recharge to a buried aquifer northeast of Opstead was
6.86 in./yr during 1992-93. Ground water flows toward
Mille Lacs Lake and the Rum River from a ground-water
divide around the lake. This divide is low and possibly
seasonally absent in three areas suggesting that Mille Lacs
Lake water may recharge glacial aquifers in those areas.
Small areas where the ground-water divide is not coincident
with the surface-water divide suggests that inter-basin water
transfer may occur in aquifers. Most ground water used is
from buried aquifers. In 1992, 708 million gallons of water
was withdrawn, of which the majority (60%) was for
domestic self supply. Ground water for public supply
increased 53% between 1985 and 1990 although total
ground water withdrawals have remained constant since the
1960’s.

Water samples from aquifers were of the calcium
magnesium bicarbonate type. Hardness in the aquifers
ranged from 66 to 750 mg/L CaCO3 with a median values
of 210 and 180 mg/L Ca CO; in buried and surficial aquifers
respectively. Hardness in bedrock aquifers ranged from 240
to 260 mg/L with a median hardness of 310 mg/L. Iron,
manganese, and sodium frequently exceeded U.S.
Environmental Protection Agency drinking water standards
or health advisories. The sodium health advisory level was
exceeded in 15% of all samples collected. Nitrate in ground
water appears to be from natural sources and was below U.S.
Environmental Protection Agency drinking water standards
with one exception. Five trace metals, U.S. Environmental
Protection Agency priority pollutants (57 polycyclic
aromatic hydrocarbons), 12 common pesticides and their
metabolites, and 57 volatile organic compounds analyzed in
two samples from buried aquifers were all below detection
limits except for zinc, copper, and chloroform. These
detections were all low concentrations except for one
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detection of zinc. These detections may be contamination
from sampling equipment or cleaning fluids.

Sources of contamination, and confining unit thickness
and permeability are important factors affecting ground-
water susceptibility to contamination from land use.
Contamination sources are greater near larger towns (or
other settlements) and highways where industrial,
commercial, agricultural, and sewage-treatment activities
may be greater. Aquifers in areas with a thinner, more
permeable confining unit are at higher risk of
contamination. Although established guidelines suggest
that areas with a confining-unit thickness of at least 10 ft
have low contamination susceptibility, tritium
concentrations from water in buried aquifers around the
south end of Mille Lacs Lake suggest that recharge water
can reach these aquifers within a few decades.
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Table 9—Nutrient data from aquifers in the Mille Lacs study area.
(N, nitrogen; P, phosphorus; mg/L, milligrams per liter; <, less than; B, buried; S, surficial; —, no data)

Ammonia plus Ortho-
Well Nitrate plus Nitrite ~ Ammonia organic phosphorus
number  Aquifer nitrite as N as N as N nitrogen as N asP
(fig.1)  code! Date Time (mg/L) (mg/l)  (mg/L) (mg/L) (mg/L)
Observation wells
002 B3 8 Sep 1992 11:30 <0.05 <0.01 0.56 0.6 0.21
003 Bl 9 Sep 1992 11:45 <0.05 <0.01 0.81 0.9 0.02
005 B3 10 Sep 1992 09:30 < 0.05 <0.01 0.29 0.4 0.07
006 B1 9 Sep 1992 16:00 <0.05 <0.01 0.13 03 0.09
009A Bl 9 Sep 1992 11:20 <0.05 <0.01 0.37. 0.9 0.04
009A Bl 26 Mar 1993 10:30 <0.05 0.01 0.32 0.9 0.03
010 B2 9 Sep 1992 10:50 <0.05 <0.01 1.5 1.6 0.37
011 B1 7 Sep 1992 12:20 <0.05 <0.01 0.76 0.9 0.11
012 B3 8 Sep 1992 14:05 <0.05 <0.01 0.46 0.6 0.15
013 S 8 Sep 1992 10:50 <0.05 <0.01 0.02 <0.2 0.05
014 B1 8 Sep 1992 09:40 <0.05 <0.01 0.13 0.3 0.07
015 S 9 Sep 1992 16:25 <0.05 <0.01 0.02 <02 0.02
016 B2 17 Mar 1993 13:00 <0.05 <0.01 0.31 04 0.06
0103 S 18 Mar 1993 14:00 <0.05 0.02 0.04 0.8 0.13
0108A S 17 Mar 1993 14:30 <0.05 0.02 0.08 0.2 0.1
0109 S 8 Sep 1992 13:10 <0.05 <0.01 0.13 <0.2 0.05
0112 S 22 Mar 1993 14:15 <0.05 0.01 0.13 0.7 <0.01
0113 Bl 16 Mar 1993 11:10 <0.05 0.02 0.23 04 <0.01
Domestic wells
D2 Bl 24 Mar 1993 11:00 <0.05 0.02 0.02 03 <0.01
D3 B1 8 Sep 1992 17:00 <0.05 <0.01 0.44 0.5 0.11
D4 Bl 7 Sep 1992 15:15 <0.05 <0.01 0.06 <02 0.05
D5 Bl 8 Sep 1992 08:30 <0.05 <0.01 0.18 04 0.12
D6 bedrock 9 Sep 1992 10:10 2.8 <0.01 0.02 05 0.02
D7 Bl 18 Mar 1993 11:30 0.89 <0.01 0.02 <02 0.01
D8 B2 7 Sep 1992 17:20 0.94 <0.01 <0.01 <02 0.02
D9 bedrock 9 Sep 1992 13:40 <0.05 <0.01 0.1 0.2 0.06
D10 — 24 Mar 1993 12:30 <0.05 0.01 0.54 0.6 <0.01
D11 Bl 9 Sep 1992 15:20 <0.05 <0.01 0.09 0.2 0.03
D12 bedrock 8 Sep 1992 14:50 <0.05 <0.01 03 0.3 0.06
D14 B1 8 Sep 1992 11:45 <0.05 <0.01 0.02 <02 0.01
D15 bedrock 22 Mar 1993 11:00 <0.05 <0.01 0.26 0.7 <0.01
D16 B3 22 Mar 1993 13:15 <0.05 <0.01 0.19 0.3 0.06
D17 Bl 9 Sep 1992 18:05 <0.05 <0.01 0.56 0.7 0.09
D18 B1 8 Sep 1992 16:30 <0.05 <0.01 0.19 <02 0.02
D19 bedrock 10 Sep 1992 10:40 <0.05 <0.01 0.08 <0.2 0.02
D20 Bl 10 Sep 1992 09:35 <0.05 <001 14 1.5 0.29
D21 Bl 7 Sep 1992 17:15 <0.05 <0.01 0.49 0.6 <0.01
D22 B1 22 Mar 1993 12:15 <0.05 0.01 0.3 0.6 <001
D23 B1 9 Sep 1992 14:35 <0.05 <0.01 0.08 <0.2 0.02
D24 B2 7 Sep 1992 09:30 <0.05 <0.01 1.1 1.2 0.1
D25 B1 7 Sep 1992 14:30 <0.05 <0.01 0.07 <0.2 0.03
D26 _ 17 Mar 1993 10:35 <0.05 <0.01 0.15 <02 0.06
D27 — 26 Mar 1993 08:20 0.19 0.01 0.03 <0.2 0.02
D30 — 17 Mar 1993 11:55 77 0.02 0.02 0.7 0.02
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Water-use data

This section contains the details of ground-water use
estimates. These data came from a field survey along county
and State highways. Many estimates of the rate of use fora
particular activity are based on a study of water use by land-
use type conducted by Alexander and others (1984). Such
rate information, in combination with the knowledge of the
general extent of the buried aquifers (fig. 5), and a survey of
water users conducted for this study, allow estimates of
pumpage from these aquifers to be calculated, given that
they are the primary source of ground water. Water-use
categories and withdrawal estimates are explained for the
entire study area. Measurements of withdrawals by larger
users are provided by the Minnesota Department of Natural
Resources (MDNR).

Public supply

Ground water is used for public supply at five
municipalities and at several mobile home parks, state
parks, and wayside rests. Estimated withdrawals from parks
and wayside rests is 542,000 gallons for 1992. Ground water
is also used for public supply at mobile home parks and
town-home associations in Mille Lacs County, was about
3.30 million gallons. Combined withdrawals from the five
municipal supplies were about 158 million gallons, based
on 1991 reported pumpage (Minnesota Department of
Natural Resources, written commun., 1992). Total public-
supply withdrawals amounted to about 162 million gallons
in 1992.

Commercial self supply

There are many privately supplied commercial
establishments, although the volume of individual usage is
small. Within the study area 222 commercial wells. There
are several commercial operations using water at one resort
or site. For example, a resort may rent cabins and campsites,
have a bar and a restaurant, and sell bait. A survey done for
this study identified 2,406 separate commercial operations
at the 222 sites. The total withdrawals for privately supplied
commercial wells was estimated to be 85 million gallons.
This represents 12 percent of total ground-water use, which
is more than irrigation and industrial use combined.

Irrigation and industrial self supply

Irrigation use of ground water includes 2 corn-crop
irrigators, one west and one south of Mille Lacs Lake, and
a variety of small non-crop irrigators. The non-crop
irrigators include golf courses, greenhouses, and
cemeteries. Nursery and horticultural irrigation occur north
of Onamia and Malmo, and near Wahkon, and east of Isle.
Irrigation withdrawals amounted to about 9 million gallons
in 1992.
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The study area has 23 privately supplied industrial-use
sites. These industries use water for food processing, metal
fabrication, and wood products. Large industrial users of
ground water are few. Total privately supplied industrial
withdrawals amounted to about 28 million gallons in 1992.

Domestic self supply

Domestic use of ground water is based on the year
round population of the study area (17,576)—minus the
population served by public supplies (4,392 based on 1990
census). The rate of domestic use of ground water is
estimated to be 88 gallons per person per day (Trotta, 1988,
p. B-44). Total privately supplied domestic withdrawals
amounted to 424 million gallons in 1992. More ground
water was withdrawn for privately supplied domestic use
than for any other category.
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